Objective: Analysis of salivary cortisol concentrations and derived indices is increasingly used in clinical and scientific medicine. However, comprehensive data on these parameters in the general population are scarce. The aim of this study was to evaluate the concentrations of salivary cortisol in a large middle-aged community sample and to identify major factors associated with altered hormone levels. Design: We conducted a cross-sectional study within the Cooperative Health Research in the Region of Augsburg (KORA)-F3 study. A total of 1484 participants aged 50-69 years (52% women) had agreed to provide four saliva samples during a regular weekday. Methods: We measured salivary cortisol concentrations at wake-up (F0), 1
Introduction
Salivary cortisol sampling is increasingly used for clinical and scientific purposes (1, 2) . The concentration of this hormone in saliva parallels the free, biologically active plasma cortisol levels, and is independent of the rate of saliva production (3, 4) . It gives information on the activity of the hypothalamus-pituitary-adrenal (HPA) system, a major player in the regulation of many body functions, such as glucose homeostasis and immune function. Measuring late-night salivary cortisol concentrations has been advocated as a screening test for Cushing's syndrome (5) . Furthermore, altered cortisol levels have been described in common somatic and mental disorders. HPA system dysfunction, for example, is associated with major depression, and hypercortisolemia has been demonstrated in the majority of patients with an acute depressive episode (6) . Altered cortisol levels have also been observed in diabetes mellitus (7) or arterial hypertension (8) , but the significance of these findings is still unclear. In psychophysiology, salivary cortisol sampling is frequently used to unravel the body's response to different stressors (9) , and altered cortisol secretion patterns have been observed in posttraumatic stress disorder, burn-out syndrome, work or marital stress, and other conditions (10) .
Despite the wide dissemination of salivary cortisol sampling, there are only few studies providing comprehensive data on salivary cortisol concentrations in the general population (11) (12) (13) . Existing information is limited, as it is derived from noncommunity cohorts (14, 15) , or because it is focused on associations of saliva cortisol with selected variables (16) (17) (18) (19) . Accordingly, we chose to analyze salivary cortisol in a community sample, which was well characterized with regard to sociodemographic data, sampling factors, health habits, and both physical and mental health. As our interest focused on patterns of cortisol secretion associated with major somatic and mental disorders, we selected subjects aged 50-69 years, in whom the prevalence of many of these disorders is increased. Our aim was to meticulously describe the characteristics of salivary cortisol secretion and to unravel factors associated with altered hormone levels.
Methods

Study sample
Our study originates from the city of Augsburg (Bavaria, Germany) and surrounding districts, with w600 000 inhabitants in urban and rural areas. The Cooperative Health Research in the Augsburg Region, Germany (KORA)-F3 study represents a follow-up study monitoring trends and determinants on cardiovascular diseases (MONICA)-S3 survey, a stratified random representative sample of 6481 eligible subjects that were drawn in 1994/1995 from the Augsburg population, of whom a total of 4856 subjects participated in the S3 baseline survey. At the time of the KORA-F3 follow-up study one decade later (2004/2005), a total of 405 (8%) subjects had died. Furthermore, subjects were considered ineligible for inclusion in the F3 follow-up survey if they lived too far outside the study region, were completely lost to follow-up (nZ222, 5%), or had requested deletion of their address data (nZ270, 6%). Of the remaining 3959 eligible subjects, 161 could not be contacted, 295 were unable to come because they were too ill, and 497 were not willing to participate, resulting in an interim total of 3006 participants in the F3 follow-up survey (response rate: 76% of S3 participants). As additional efforts were made to reach the 1300 eligible subjects from the original S3 sampling frame who had not participated in the S3 baseline survey, another 178 (14%) were included in the present KORA-F3 study, resulting in a total sample size of 3184 (overall response rate: 49.1%).
For our substudy, all 1515 participants aged 50-69 years were asked to provide salivary cortisol samples. All participants had given written informed consent, and the study had been approved by the local ethics committee. In all, 1484 study subjects consented to salivary collection, and 1208 (81.4% of consenting subjects) actually returned their saliva samples. We excluded 93 subjects due to documented incompliance with the sampling procedure, 67 subjects for exceeding the allowed 7-day time period between salivary collection and sample arrival (20) , 23 due to systemic glucocorticoid therapy, and 12 as they had reached an age outside the defined range at the time of sampling. We also excluded samples with saliva cortisol concentrations exceeding three S.Ds above the mean and subjects who had woken up beyond the range of plus/minus three S.Ds of the mean wake-up time of 0744 h (0422-1106 h, five subjects). 
Salivary cortisol sampling
In the KORA study center, Augsburg, participants were individually instructed on the saliva sampling procedure by trained study personnel; additionally, detailed written information was provided. Subjects were asked to sample four saliva aliquots during the course of one day with the use of cotton-based sampling devices and to store them in plastic syringes (Salivette, Sarstedt, Nuembrecht, Germany). Absorbent cotton rolls were allowed to soak the saliva for 2 or 3 min, after which they were placed in syringes and kept in the participant's refrigerator. In case of acute illness, saliva collection was to be delayed until complete cessation of all symptoms. Samples were to be collected without delay upon waking (F0), followed by a salivette
, and 14 h (F14) after waking. Saliva sampling was to be scheduled on a week day with usual activities, but no specific time-point for wake-up was given. Subjects were instructed not to eat, drink, smoke, brush their teeth, or engage in physical activities for at least 30 min before saliva sampling. Sampling times and adherence to the correct sampling procedure had to be documented in a written protocol. Participants were asked to send salivettes and protocols to the Central Institute the day after sampling using the prepaid packaging provided. A reminder was sent to participants who had not returned samples after 2 weeks. Upon receipt, samples were frozen and stored at K80 8C. A time-resolved immunoassay with fluorescence detection was used for cortisol analysis in the laboratory of Clemens Kirschbaum, Dresden, Germany, with coefficients of intra-and interassay variation of !8%.
Cortisol secretion indices
Activation of cortisol secretion associated with wake-up and starting the day (cortisol awakening response, CAR) was calculated by subtracting the F0 from the F 1 ⁄ 2 value (21). Decline of cortisol secretion over the course of the day was expressed by the slope, calculated by subtracting evening F14 from wake-up F0 values and dividing the result by the number of hours separating both samples. In order to obtain an estimate of the total hormone output, the area under the curve with respect to ground (AUC G ) of F0, F8, and F14 was computed according to the trapezoidal method described by Prü ssner (22) . We chose not to include the F 1 ⁄ 2 measure in slope and AUC G calculation, as it has been suggested that this value, determining the CAR, is differentially regulated (23) .
Characterization of participants
Each participant was subjected to a detailed interview, an anthropometric examination and a nonfasting blood sampling at the KORA study center; additional information was collected using standardized questionnaires. Sociodemographic data were collected during personal interviews. If the sampling date fell into the period from March 1 to August 31, it was assumed that sampling took place on a day with more daylight hours. Subjects were classified as active if they regularly participated in sports in summer and winter and if they were active for at least 1 h per week in either season (24) . A standardized protocol was used to measure anthropometry, and participants' body mass index was calculated as weight in kilograms divided by height in square meters. A lipid disorder was assumed if subjects reported increased cholesterol or triglyceride levels during the past 12 months. Awareness of a diabetic disorder or ingestion of antiglycemic agents categorized subjects as diabetic, blood pressure values R140/90 mmHg, or ingestion of antihypertensive medication, given that subjects were aware of being hypertensive, as hypertensive. An ischemic heart disease was assumed if participants reported a former myocardial infarction confirmed by a physician, a coronary artery bypass graft operation or a percutaneous coronary angioplasty with or without stent placement. Information on medication was ascertained by scanning the bar codes of subjects' medication. Questionnaires were used to asses mental health, with the SF-36 Health Survey Questionnaire, 12-item version (SF-12) (25) providing insight into subjective health, the Patient Health Questionnaire, 9-item version (26) assessing depressive symptoms, the Health Locus of Control-Subscale 'Self-responsibility' (27) addressing probands' beliefs about this factor's influence on their own health, and the Social Support Questionnaire, 14-item version (28) assessing social support. 
Results
Descriptive analyses
The study protocol gave clear instructions on time periods between salivary samples; however, not all subjects followed these objectives. Therefore, time windows were defined for acceptance or rejection of samples that had been collected outside the exact time periods. These time windows were 20-40 min for F 1 ⁄ 2 , 7-9 h for F8, and 13-15 h for F14 (22) respectively. Exclusion of 18 subjects with salivary sampling outside these windows left 990 subjects for final analyses. Their sociodemographic and clinical data are presented in Table 1 .
Results of all four saliva samples were available in 819 of these subjects (82.7%). In 105 cases (10.6%), there were three, in 54 cases (5.5%), there were two, and in 12 cases (1.2%), there was one valid saliva cortisol sample available. Reasons for missing results were nonreturn of samples, too little saliva for analysis or sampling outside the defined time windows. Mean and median values, S.D., and range of saliva cortisol concentrations and cortisol secretion indices are given in Table 2 , distribution of data in Fig. 1 . Cortisol levels at 1 ⁄ 2 h after awakening were 49.6% higher than awakening levels. Cortisol secretion indices appeared to roughly follow a normal distribution. The F0, F 1 ⁄ 2 , F8, and F14 values of men versus women, smokers versus nonsmokers, early versus late awakener, and subjects with lower versus higher social support are given in Fig. 2 .
Correlational analyses
Salivary cortisol concentrations F0, F 1 ⁄ 2 , F8, and F14 were found to correlate only modestly (correlation coefficients: 0.07-0.24, 
Regression analyses
As expected, CAR was strongly influenced by the time of awakening (F0 sampling time), with earlier wake-up times being associated with a greater CAR (Table 4) . Wake-up time also altered the slope, with later wake-up being associated with a greater (steeper) slope. Slope was also influenced by smoking habits and extent of reported social support; both nonsmoking status and higher perceived social support were associated with a smaller slope. AUC G was higher in men and in subjects reporting less social support. Interestingly, AUC G was not associated with F0 sampling time.
Discussion
The large size of our sample provided the opportunity to diligently characterize cortisol secretion in communitydwelling subjects. Saliva cortisol levels during the day were found to be in line with those observed in other large samples (14, 16) . The distribution of cortisol concentrations ( Fig. 1 ) displays a large interindividual variability. This finding reflects the complexity of cortisol regulation, which includes a wide array of internal and external factors. Differences in glucocorticoid receptor sensitivity due to common genetic polymorphisms may constitute one of these internal determinants (29) . Daily social and emotional experiences are examples for external factors (11, 12) . Salivary cortisol concentrations also show a marked skewing with a right hand tail, which is more clearly visible in F8 and F14 samples. Also, greater proportions of F8 and F14 samples exceeded the mean by three S.Ds, and were excluded as outliers. This finding may be caused by additional factors in a subset of the sample, which are more influential in the afternoon and evening. Owing to the periodic circadian system, cortisol secretion activity slows down during this period, and other factors gain influence. Endocrine disorders (e.g. Cushing's syndrome) may constitute one of these factors. Epidemiologic studies suggest an incidence of Cushing's syndrome ranging from 0.7 to 2.4 per million population per year and a prevalence of 2-5% in obese patients with poorly controlled type 2 diabetes and hypertension (30) . Clearly, this factor has to be considered in studies on salivary cortisol, especially when afternoon and evening samples are examined. Another interesting finding is the substantial proportion (25.3%) of subjects with negative CAR values. In these individuals, salivary cortisol concentrations upon awakening exceeds that of 30 min after getting up. As CAR data display a normal distribution, external factors, e.g. incompliance with the sampling procedure (31), seem insufficient as sole explanation. It appears possible that a significant proportion of these 'CAR nonresponders' consists of subjects with poor sleep quality and frequent awakening during the course of the night, in whom the CAR was partially or completely missed with our sampling procedure (32) . However, one might also assume that a negative CAR is part of normal cortisol regulation in a subset of middle-aged community-dwelling subjects. Salivary cortisol concentrations during the course of a day and cortisol secretion indices were found to be at most moderately intercorrelated. This finding reflects the great extent of internal and external factors determining saliva cortisol concentrations in the individual. The low association of afternoon and evening values with the secretion indices, CAR and slope, support the assumption of a different regulation of these measures.
As expected (33) (34) (35) (36) , individuals with earlier wakeup time showed a higher CAR, possibly because lower F0 concentrations early in the morning allowed for a greater hormone rise. Furthermore, a ceiling effect may exist when F0 values are elevated during the late-morning hours. Wake-up time also influenced slope, which was smaller in subjects who woke up earlier. This association may also by explained by the finding mentioned above, as the slope is greatly determined by the F0 values, which are lower in early awakeners. If circadian cortisol secretion was summarized as AUC G , men showed higher hormone values as compared with women, a finding in line with other studies (37) . Furthermore, smoking habits were associated with the steepness of the slope with nonsmokers displaying a smaller decrease in cortisol secretion over the day. Smoking is known to have a consistent effect on cortisol secretion measures (14) .
Among the psychosocial and mental health factors included in the analyses, we found an association of perceived social support and cortisol secretion. Higher social support, as reported by the study participants, was associated with lower AUC G and smaller slope. This finding extends observations from other researchers. During an experimental stress test, the rise in cortisol secretion was greatly diminished, when a close friend provided social support during the preparation period (38) . In the Whitehall II cohort, individuals who coped by problem engagement and by seeking social support had lower cortisol levels (37) . Our report is the first to provide evidence that this psychological factor is independently linked with cortisol secretion in a community sample.
Another prominent finding of our study is the absence of an association between depressive symptoms and cortisol secretion indices. Whereas elevated cortisol levels have repeatedly been demonstrated in hospitalized patients with a major depressive episode (39, 40) , studies of depressive subjects outside the hospital gave mixed results, with either increased (41) or normal (42, 43) hormone levels. Also, subjects with diabetes, coronary artery disease or arterial hypertension did not differ in the cortisol secretion indices used in our analysis. It was postulated that HPA system dysfunction should predispose individuals to the formation of these ailments, possibly by untoward effects on cardiovascular or endocrine regulation (44) . However, other cortisol variables like single measures may vary between groups. For example, F14 evening cortisol levels were higher in subjects with diabetes as (46) . Potentially, our age range of 50-69 years was too small to allow for the detection of such an association. Some strengths and limitations of our study should be noted. Our study sample was large and well characterized, providing a precise in-depth view of results. Owing to the age stratum, cortisol levels in women were unaffected by menstrual cycle or oral contraception. Also, our sample was not distorted by exclusion of any subgroups and thus gave a precise view of a communitydwelling population. However, we cannot exclude a bias in our data due to the subjects who did not participate in KORA-F3, e.g. because they were too ill (295 subjects). A major limitation inherent to home-based saliva sampling is potential error in sampling time and procedure as well as in the order of the samples. Also, we did not use electronic devices to check for adherence to the sampling procedure. However, personal instruction of each participant, written information, request for a precise protocol, and exclusion of subjects reporting incorrect sampling should have supported correct results. Another potential limitation was the range of F0 sampling, which may have interfered with the circadian HPA activity and may have blurred existing associations of cortisol secretion with other factors. However, we chose not to interfere with subjects' daily routines, in order to obtain a naturalistic profile determined by the individuals' regular activities. Finally, data on illness prevalence were based on self-report, and might have missed undiagnosed cases.
In conclusion, we present data on salivary cortisol concentrations in a large middle-aged community sample. Major determinants of cortisol secretion include gender, sampling time, smoking habits, and perceived social support.
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